INTRODUCTION {#sec1-1}
============

Immunization is a proven as one of the most cost effective child survival interventions. It is a public health tools leading to decreased infant and childhood morbidity and mortality from vaccine preventable diseases,\[[@ref1][@ref2]\] that are worldwide responsible for three million death in children annually.\[[@ref3][@ref4]\] Vaccination coverage is measured worldwide by estimation of the third dose of diphtheria tetanus and pertussis vaccine -- DTP-3 and this index has been on an upward trend. So, increasing from 74% in 2000 to a record 85% in 2010.\[[@ref3]\] Iran is a developing country and the immunization coverage is higher than 95% based on recent studies.\[[@ref5][@ref6][@ref7]\] Moreover, according to our recent study the immunization coverage in children of suburbs of big Iranian cities was as 96.8% fully immunized, 3.2% partially immunized, and 0.1% not immunized.\[[@ref8]\] Todays another index is more helpful regarding immunization that considered as age appropriate vaccination.\[[@ref9][@ref10][@ref11]\] Available evidence has shown that high immunization coverage rates do not necessarily imply age-appropriate vaccination status.\[[@ref12]\]

The implication of delay in receiving of vaccines is that a pool of children with incomplete or no immunization swiftly builds up at appropriate time.\[[@ref3]\] Immunization is considered timely when received at the earliest appropriate age, defined as within 7--30 days of the recommended age appropriate.\[[@ref11][@ref13][@ref14]\] Although high childhood immunization in the 1^st^ year of life is beneficiary, but it is considerable that children who are not (or are inadequately) immunized are at risk of illness; death, and long-term disability continually due to vaccine preventable diseases until future years of life.\[[@ref3]\] High rates of untimely vaccinations reveal inadequate consideration about the immunization program during the vaccination delivery process; and limited recording of immunization on vaccination cards.\[[@ref3]\] Recent studies showed that duration of delay in immunization is related to some sociodemographic factors.\[[@ref12][@ref15][@ref16]\] The coverage of first dose of mumps-measles-rubella (MMR) is reported by WHO and UNICEF as one of the immunization program monitoring indicators and it is one of the milestones for measles elimination programs by 2015.\[[@ref17][@ref18]\] Therefore, due to the high immunization coverage in suburbs of Iranian big cities,\[[@ref8]\] the current study aimed to show the delay of immunization in MMR and related factors that were prolonged immunization by survival models.

METHODS {#sec1-2}
=======

A historical cohort study conducted on the children aged 24--47 months as the target population who are living in the suburbs of five big cities of Iran (Tehran, Esfahan, Arak, Mashhad, and Zahedan) in June 2013. Suburbs areas of each city were defined by local health authorities based on concentration of migrants and some socioeconomic criteria. Immunization history of children was assessed by immunization card plus history of vaccination according to the mother memory.

In each city proportional cluster sampling method was used for selection of eligible children. Clusters were defined as any area highlighted by local health officers owing to lower social class, population density of low health indicators, and high density of migrants. The daily time of delay in vaccination was the first outcome and calculated from date of vaccination minus age appropriate time for each subject. However, only children with vaccination cards were included in the analysis. Regarding to sampling method, 4502 eligible children assessed for immunization status and after excluding children without vaccination card 3610 children were included in analysis. Details of sample size and sampling method explored in our recent study.\[[@ref8]\]

Data collection was conducted using a standard instrument that designed according to the questionnaire offered by WHO for the estimation of vaccination coverage.\[[@ref9]\] Interviewers were trained university students and data gathering conducted by house-to-house interview method. The questionnaires were completed based on the vaccination card information. The study protocol was approved by the ethical committee of Arak University of Medical Sciences. Moreover, informed consent was filled by each of the study subjects before administration of the questionnaire.

Data analysis {#sec2-1}
-------------

Data analysis was performed using SPSS software (version 18) (Chicago Inc). Descriptive statistics including mean, standard deviation (SD), and median were used. After calculating time of delay for MMR 1, daily delay time used as dependent variable and the mean and median of delay time compared according to the independent variables including child sex, parent\'s education and job, city, and nationality. Kaplan--Meier and Log rank test was used for comparison the median of delay time. Delay time more than 7 days defined as without timeliness in vaccination and used in Kaplan--Meier for status. For controlling of confounding variables, multivariate cox model was used and hazard ratio (HR) with 95% of confidence interval (95% CI) was reported.

RESULTS {#sec1-3}
=======

Overall 3610 children included in statistical analysis that 87.7% (3166/3610) were Iranian and 51.3% (1518/3610) were male. The on-time vaccination prevalence (vaccination in \<7 days from recommended age) was 68%. The mean ± SD and median interquartile range (IQR) of delay time in on-time group was 2.56 ± 2.18 and 2 (1--4) days, respectively. The mean ± SD and median (IQR) of delay time was 38.34 ± 73.1 and 16 (11--31) days in delayed group.

The Log rank test in Kaplan--Maier method showed \[[Table 1](#T1){ref-type="table"}\] that city of living, nationality, parents education, and birth order are related with prolonged delay time in MMR vaccination (*P* \< 0.05). However, child sex, prior living place (rural or city), and parent\'s job are not related with delay time of vaccination (*P* \> 0.05). Pair-wise comparison showed that the median of delay time in Zahedan is more than and in Arak less than other cities (*P* \< 0.001). Also, the median of delay time in Iranian children is less than other nations. Moreover, the delay time duration was decreased with increasing of parent\'s educations, however increased by birth order of children (*P* \< 0.05).
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The mean (95% CI for mean) and median (95% CI for median) for delay time in vaccination of MMR according to city of living, child sex and nationality, parents job, and education level
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According to Cox regression results \[[Table 2](#T2){ref-type="table"}\], after controlling the effect of child sex, birth order, parent\'s job and education, nationality and city of living, showed that city of living, mother education and nationality are the most predictive factors of delay time duration in MMR vaccination. On the other hand, high education of mother (low school literature) increased the hazard of delay vaccination to 26% (HR: 1.26, CI 95%; 1.03--1.61). Also, living in Zahedan increasing the hazard of delay vaccination to 66% (HR: 1.66, CI 95%; 1.17--2.37) while living in Mashhad decrease this risk to 42% (HR: 0.58, CI 95%; 0.45--0.76). Moreover, non-Iranian children are in 49% higher risk for delay vaccination (HR: 1.49, CI 95%; 1.21--1.85).

###### 

The Cox regression results for predictive factors of delay time duration of MMR vaccination
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DISCUSSION {#sec1-4}
==========

The mean and median of delay time of first dose of MMR vaccination in 12-month-year old is very late. Fifty percent of children received the first dose of MMR vaccine with more than 1-month delay approximately. On the other hand, 32% of children immunized against MMR after 7 days of recommended age. Although the immunization coverage in suburbs of big Iranian cities was higher 95%, however, the delay time in these areas is a significant problem.\[[@ref8]\] Other studies also showed that the prevalence of delayed vaccination increased by age of infant.\[[@ref12]\]

Another studies showed the effect of place and geographic variation on immunization coverage and vaccination delay.\[[@ref3][@ref19]\] Also, other studies showed that there are different access to care and inequity in health care utilization.\[[@ref20][@ref21]\] However, according to log rank test in Kaplan--Meier analysis, did not observe any significant difference between prior residencies in rural or city areas. This finding suggested that in suburbs of big cities the vaccination delay time duration is higher than who were lived in rural areas, recently. In the cox multivariate analysis declared that city of living is one the important predictive factors for delayed vaccination, Zahedan is placed in east south of Iran and very far from Tehran (the capital of Iran), so, living in Zahedan increased the hazard of delayed vaccination to 66% while living in Mashhad decreased the delayed vaccination to 42%. In another study variation showed among different administrative states.\[[@ref19]\] However, the variation due to the state or place of residency may be as different ethnicity and culture.\[[@ref22]\] Since, the immigrants in Zahedan are more than other central cities of Iran. Nationality was another significant predictor for delayed vaccination. Non-Iranian children were in higher hazard for delayed immunization. In another study by Pavlopoulou *et al*. showed that immigrant and foreign ethnicity are predictors of incomplete and delayed administration of all vaccines.\[[@ref1]\] This finding approved the different social and cultural aspects of people in studied cities. Due to some legal and political issues the immigrants have less access and less utilized to health care. Moreover, strong geographic differences in health services quality and health outcomes can cause inequity in timely vaccination.\[[@ref23]\] So, the delay time of vaccination increase.

Mother education was another significant predictor in cox model. Therefore, mother with low school education are at risk for delayed vaccination for their children. It is showed that levels of education negatively impact health seeking behavior.\[[@ref2]\] In another study showed that illiterate mothers are less willing for seeking care than other mothers.\[[@ref20]\] However, it seems that the matter of on-time vaccination did not conceptualized by low educated mothers. However, another studies showed the effect of mother education with vaccination delay of coverage.\[[@ref3][@ref4][@ref24]\] However, this relationship is not fix in all studies.\[[@ref22][@ref25]\] Some studies showed that housewife\'s children are in more risk for delayed vaccination.\[[@ref26]\] However, the association of low education of mothers with untimely vaccination of children can confounded by mother work. Although this relationship did not observe in our study as other studies.\[[@ref27][@ref28]\]

This national survey was one of the first studies conducted in suburbs of big Iranian cities regarding timeliness of vaccination. Nevertheless, since the vaccine card of 18% of children was not accessible, it may be the delay time of vaccination has been underestimated. Nevertheless, the goodness of fit of cox model evaluated as good and the precision of hazard ratio estimates were high.

CONCLUSIONS {#sec1-5}
===========

The median of time delay in first dose of MMR vaccine is more than 1-month. Delay time duration of vaccination increased by faring from capital to the east south. Moreover, concentration of foreign immigrants in big cities and low level of mother education are the most predictors of delayed vaccination. Therefore, increasing the knowledge of families regarding to timely vaccination benefits and protective effect of on-time vaccination is helpful. Especially, educational intervention should be focused on immigrants and mothers with low education level.
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